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(54) Needle tip lor biopsy device 



(57) A biopsy device (100) includes a body portion 
(1 1 2), a tip (1 4), a cannula (1 2) extending from the body 
portion, at least one blade (554,556;654,656;704), and 
a cutter. The cannula defines at least one lumen. The 
cannula has a transverse aperture (30) configured to re- 
ceive tissue. The tip is located at the distal end of the 
cannula, and may include at least two concave surfaces. 
The blade extends longitudinally from the tip. A second 



blade may also extend longitudinally from the tip. Blades 
may be axially staggered relative to the cannula. Blades 
may also have lengths that differ from one another. In 
addition, a blade may have a pointed distal end, or may 
have a curved distal edge. The configuration of the blade 
and tip may provide reduced force to penetrate tissue. 
The blade and tip may produce a cut length that is greater 
than or equal to the length of the outer perimeter of the 
cannula. 
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Description 

BACKGROUND 

[0001 ] Biopsy samples have been obtained in a variety 
of ways in various medical procedures using a variety of 
devices. Biopsy devices may be used under stereotactic 
guidance, ultrasound guidance, MRI guidance, or other- 
wise. Merely exemplary biopsy devices are disclosed in 
U.S. Pat. No. 5,526,822, entitled "Method and Apparatus 
for Automated Biopsy and Collection of Soft Tissue," is- 
sued June 18, 1996; U.S. Pat. No. 6,086,544, entitled 
"Control Apparatus for an Automated Surgical Biopsy 
Device," issued July 11, 2000; U.S. Pub. No. 
2003/0109803, entitled "MRI Compatible Surgical Biop- 
sy Device," published June 12, 2003; U.S. Pub. No. 
2007/01 1 8048, entitled "Remote Thumbwheel for a Sur- 
gical Biopsy Device," published May 24, 2007; U.S. Pro- 
visional Patent Application Serial No. 60/869,736, enti- 
tled "Biopsy System," filed December 1 3, 2006; U.S. Pro- 
visional Patent Application Serial No. 60/874,792, enti- 
tled "Biopsy Sample Storage," filed December 13, 2006; 
and U.S. Non-Provisional Patent Application Serial No. 
11/942,785, entitled "Revolving Tissue Sample Holder 
for Biopsy Device," filed November 21 , 2007. The disclo- 
sure of each of the above-cited U.S. Patents, U.S. Patent 
Application Publications, U.S. Provisional Patent Appli- 
cations, and U.S. Non-Provisional Patent Application is 
incorporated by reference herein. 
[0002] In some settings, including some of those where 
a biopsy device tip needs to penetrate the tissue of a 
patient, some users of biopsy devices may prefer that 
the tip penetrate tissue with relatively little force. In other 
words, in some settings, a user may prefer a first biopsy 
device over a second biopsy device due to the first biopsy 
device requiring less force for its tip to penetrate tissue 
than the force required for the tip of the second biopsy 
device to penetrate tissue. This preference may be 
heightened when the tissue is relatively dense or under 
other circumstances. 

[0003] Some biopsy devices may have a needle por- 
tion that has a generally circular cross-section, a gener- 
ally ovular cross-section, a generally elliptical cross-sec- 
tion, a "figure eight" type of cross section, or some other 
cross-section. Such needle portions may have a prede- 
fined outer perimeter about a longitudinal axis. In some 
settings, the ratio of the length of an incision in tissue to 
the length of the perimeter or circumference of a biopsy 
device needle may be indicative of the magnitude of the 
force required to push the needle into dense tissue. For 
instance, in some settings, a relatively higher ratio of in- 
cision length to outer perimeter length may yield rises in 
tissue dilation hoop stresses that are more ideal (e.g., 
lower rates of rise) than rises in tissue dilation hoop 
stresses obtained using a relatively lower ratio of incision 
length to outer perimeter length (e.g., higher rates of rise). 
[0004] While several systems and methods have been 
made and used for obtaining a biopsy sample, it is be- 



lieved that no one prior to the inventors has made or used 
the invention described in the appended claims. 

SUMMARY 

5 

[0005] The following is a non-exhaustive list of embod- 
iments of the invention that are or may be claimed. 

1 . A biopsy probe, wherein the biopsy probe com- 
10 prises: 

(a) a body portion; 

(b) a cannula extending from the body portion, 
wherein the cannula defines at least one lumen, 

15 wherein the cannula comprises atransverse ap- 

erture configured to receive tissue; 

(c) a tip located at the distal end of the cannula; 

(d) a first blade extending longitudinally from the 
tip; 

20 (e) a second blade extending longitudinally from 

the tip; and 

(f) a cutter configured to translate relative to the 
cannula, wherein the cutter is configured to sev- 
er tissue. 

25 

2. The biopsy probe of embodiment 1 , wherein the 
tip comprises at least two concave surfaces. 

3. The biopsy probe of embodiment 2, wherein the 
30 at least two concave surfaces are formed by a hollow 

grind process, such that the at least two concave 
surfaces are hollow ground. 

4. The biopsy probe of embodiment 2, wherein the 
35 first blade bisects at least one of the at least two 

concave surfaces. 

5. The biopsy probe of embodiment 2, wherein the 
at I east two concave surfaces com prise four concave 

40 surfaces. 

6. The biopsy probe of embodiment 2, wherein the 
at least two concave surfaces are adjoined at sharp 
edges, wherein the cannula has an outer perimeter 

45 length about an axis defined by the cannula, wherein 
each of the sharp edges has a length that is greater 
than or approximately equal to the perimeter length 
of the cannula. 

50 7. The biopsy probe of embodiment 1 , wherein the 
tip is formed separately from and joined with the can- 
nula. 

8. The biopsy probe of embodiment 1 , wherein the 
55 first blade and the second blade are angularly offset 

by approximately 90 degrees. 

9. The biopsy probe of embodiment 1 , wherein the 
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25 
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first blade has a first length, wherein the second 
blade has a second length, wherein the first length 
is greater than the second length. 

1 0. The biopsy probe of embodiment 1 , wherein the 5 
first blade distally terminates at a first distal point at 

a first axial position relative to the cannula, wherein 
the second blade distally terminates at a second dis- 
tal point at a second axial position relative to the can- 
nula, wherein the first distal point is distal to the sec- 10 
ond distal point. 

1 1 . The biopsy probe of embodiment 1 , wherein the 
first blade has a pair of edges converging at a distal 
point. is 

1 2. The biopsy probe of embodiment 1 , wherein the 
first blade has a convexly curved distal edge. 

1 3. The biopsy probe of embodiment 1 , wherein the 20 
tip and first blade are configured to produce a trans- 
verse length of cut in tissue, wherein the cannula 
has an outer perimeter length about an axis defined 

by the cannula, wherein length of cut is greater than 

or approximately equal to the perimeter length of the 25 

cannula. 

1 4. The biopsy probe of embodiment 1 , wherein the 
first blade is integrally formed with the tip. 

30 

1 5. The biopsy probe of embodiment 1 , wherein the 
first blade is formed separately from and joined with 
the tip. 

1 6. The biopsy probe of embodiment 1 , wherein the 35 
tip further comprises a head, wherein the cannula 
has a cannula diameter, wherein the head has a 
head diameter, wherein the head diameter is greater 
than the cannula diameter. 

40 

1 7. The biopsy probe of embodiment 1 , wherein the 
cannula comprises a plurality of recesses formed 
therein, wherein the recesses comprise one or more 
of dimples, scallops, or elongate grooves. 

45 

1 8. The biopsy probe of embodiment 1 , further com- 
prising a linear motor, wherein the linear motor is 
operable to controllably fire the cannula distally rel- 
ative to the body portion. 

50 

1 9. A biopsy probe, wherein the biopsy probe com- 
prises: 

(a) a body portion; 

(b) a cannula extending from the body portion, 55 
wherein the cannula defines at least one lumen, 
wherein the cannula comprises atransverse ap- 
erture configured to receive tissue, wherein the 



cannula comprises a plurality of recesses 
formed therein, wherein the recesses comprise 
one or more of dimples, scallops, or elongate 
grooves; 

(c) a tissue piercing tip located at the distal end 
of the cannula, wherein the recesses in the can- 
nula are proximal to the tip; and 

(d) a cutter configured to translate relative to the 
cannula, wherein the cutter is configured to sev- 
er tissue. 

20. A biopsy probe, wherein the biopsy probe com- 
prises: 

(a) a body portion; 

(b) a cannula extending from the body portion, 
wherein the cannula defines at least one lumen, 
wherein the cannula comprises atransverse ap- 
erture configured to receive tissue, wherein the 
cannula has a first diameter; 

(c) a tip located at the distal end of the cannula; 

(d) a blade extending longitudinally from the tip, 
wherein the blade has a width, wherein the width 
of the blade is greater than the first diameter of 
the cannula; and 

(e) a cutter configured to translate relative to the 
cannula, wherein the cutter is configured to sev- 
er tissue. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] While the specification concludes with claims 
which particularly point out and distinctly claim the inven- 
tion, it is believed the present invention will be better un- 
derstood from the following description of certain exam- 
ples taken in conjunction with the accompanying draw- 
ings, in which like reference numerals identify the same 
elements and in which: 

[0007] FIG. 1 depicts a perspective view of an exem- 
plary assembled biopsy device, for use in a stereotactic 
setting; 

[0008] FIG. 2 depicts an exploded view of the biopsy 
device of FIG. 1 , with the probe detached from the holster; 
[0009] FIG. 3 depicts a perspective view of an exem- 
plary assembled biopsy device, for use in an ultrasound 
setting; 

[0010] FIG. 4 depicts an exploded view of the biopsy 
device of FIG. 3, with the probe detachedfrom the holster; 
[001 1 ] FIG. 5 depicts a bottom perspective view of the 
probe portion of FIG. 5; 

[001 2] FIG. 6 depicts a plan view of an exemplary nee- 
dle tip; 

[001 3] FIG. 7 depicts an end view of the needle tip of 
FIG. 6; 

[0014] FIG. 8 depicts apian view of another exemplary 
needle tip, at a first angular orientation; 
[001 5] FIG. 9 depicts the needle tip of FIG. 8 at a sec- 
ond angular orientation, approximately 90 degrees from 
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the first angular orientation; 

[001 6] FIG. 1 0 depicts the needle tip of FIG. 8 at athird 
angular orientation, approximately between the first and 
second angular orientations; 

[001 7] FIG. 1 1 depicts an end view of the needle tip of 
FIG. 8; 

[0018] FIG. 12 depicts a plan view of another exem- 
plary needle tip; 

[001 9] FIG. 13 depicts an end view of the needle tip of 
FIG. 12; 

[0020] FIG. 14 depicts a plan view of another exem- 
plary needle tip, at a first angular orientation; 
[0021] FIG. 15 depicts the needle tip of FIG. 14 at a 
second angular orientation, approximately 90 degrees 
from the first angular orientation; 

[0022] FIG. 16 depicts the needle tip of FIG. 14 at a 
third angular orientation, approximately between the first 
and second angular orientations; 
[0023] FIG. 17 depicts a plan view of another exem- 
plary needle tip; 

[0024] FIG. 1 8 depicts an end view of the needle tip of 
FIG. 17; 

[0025] FIG. 19 depicts a plan view of an exemplary 
modified cannula; 

[0026] FIG. 20 depicts a plan view of another exem- 
plary modified cannula; 

[0027] FIG. 21 depicts a plan view of another exem- 
plary modified cannula; 

[0028] FIG. 22 depicts a schematic cross -sectional 
view of the holster of FIG. 1 with an exemplary needle 
firing mechanism. 

DETAILED DESCRIPTION 

[0029] The following description of certain examples 
of the invention should not be used to limit the scope of 
the present invention. Other examples, features, as- 
pects, embodiments, and advantages of the invention 
will become apparent to those skilled in the art from the 
following description, which is byway of illustration, one 
of the best modes contemplated for carrying out the in- 
vention. As will be realized, the invention is capable of 
other different and obvious aspects, all without departing 
from the invention. Accordingly, the drawings and de- 
scriptions should be regarded as illustrative in nature and 
not restrictive. 

[0030] As shown in FIGS. 1-2, an exemplary biopsy 
device (1 00) comprises a probe (1 02) and a holster (202). 
Similarly, as shown in FIGS. 2-3, another biopsy device 
(101) comprises a probe (103) and a holster (302). As 
will be described in greater detail below, each probe (1 02, 
103) is separable from its corresponding holster (202, 
302). By way of example only, probe (1 02, 1 03) may be 
provided as a disposable component, while holster (202, 
302) may be provided as a reusable component. Use of 
the term "holster" herein should not be read as requiring 
any portion of probe (102, 103) to be inserted into any 
portion of holster (202, 302). Indeed, in some variations 



of biopsy devices (1 00, 101), probe (1 02, 1 03) may sim- 
ply sit on holster (202, 302). In some other variations, a 
portion of holster (202, 302) may be inserted into probe 
(102, 103). Furthermore, in some biopsy devices (100, 
5 101), probe (1 02, 1 03) and holster (202, 302) may be of 
unitary or integral construction, such that the two com- 
ponents cannot be separated or are not identifiable as 
different components. Still other suitable structural and 
functional relationships between probe (102, 103) and 
10 holster (202, 302) will be apparent to those of ordinary 
skill in the art in view of the teachings herein. 
[0031] I. Exemplary Probe for Stereotactic Use 
[0032] As shown in FIGS. 1-2, probe (102) comprises 
a needle portion (10) and a body portion (112). Body 
15 portion (112) comprises a cover member (114) and a 
base member (not shown). A tissue sample holder (1 40) 
is removably secured to base member (not shown), 
though tissue sample holder (140) may alternatively be 
secured to cover member (114) or some other compo- 
se nent. A pair of tubes (402, 404) are coupled with probe 
(102) for communication of fluids (e.g., vacuum, saline, 
atmospheric air, pressurized air, etc.). 
[0033] A. Exemplary Needle 

[0034] In the present example, needle portion (10) 

25 comprises an outer cannula (12) having a tissue piercing 
tip (14) and a transverse tissue receiving aperture (16) 
located proximally from the tissue piercing tip (14). The 
interior of outer cannula (12) of the present example de- 
fines a cannula lumen (not shown) and a vacuum lumen 

30 (not shown), with a wall (not shown) separating the can- 
nula lumen fromthe vacuum lumen. A plurality of external 
openings (22) are formed in outer cannula (12), and are 
in fluid communication with the vacuum lumen. Examples 
of openings that are similar to external openings (22) are 

35 disclosed in U.S. Pub. No. 2007/0032742, entitled "Bi- 
opsy Device with Vacuum Assisted Bleeding Control," 
published February 8, 2007, the disclosure of which is 
incorporated by reference herein. Of course, as with oth- 
er components described herein, external openings (22) 

40 are merely optional. The wall between the cannula lumen 
and the vacuum lumen also has a plurality of openings 
permitting fluid communication between the cannula lu- 
men and the vacuum lumen in the present example, 
though such openings are also merely optional. 

45 [0035] B. Exemplary Tissue Piercing Tips 

[0036] Tissue piercing tip (14) is configured to pene- 
trate tissue without requiring a high amount of force, and 
without requiring an opening to be preformed in the tissue 
prior to insertion of tip (14). Of course, in some versions 

50 of use, an incision or other opening may be formed in the 
tissue priorto insertion of tip (1 4). While a variety of mere- 
ly exemplary tips (14) will be described in greater detail 
below, it should be understood that a variety of other tips 
(14) may be used. In some versions, a tip (14) may pro- 

55 vide penetration in fibrous breast tissue with as little as 
approximately 20 newtons or approximately 4 pounds of 
force, if not less force, through and past a depth of at 
least 6mm into the tissue. For instance, some versions 
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of various tips (14) described herein may require less 
than approximately 20 newtons or less than approximate- 
ly 4 pounds of force to penetrate through 1 0mm, 20mm, 
30mm, 40mm, 50mm, 60mm, and/or greater depths of 
breast tissue. In other words, a tip (14) may penetrate 
through to any or all such depths without ever requiring 
an insertion force that exceeds approximately 20 new- 
tons or approximately 4 pounds during such penetration. 
Some versions of various tips (14) described herein may 
even require less than approximately 1 5 newtons or less 
than approximately 3 pounds of force to penetrate 
through 10mm, 20mm, 30mm, 40mm, 50mm, 60mm, 
and/or greater depths of breast tissue. Alternatively, tips 
(14) may require any other suitable force to penetrate 
tissue to any desired depth. 

[0037] In some versions, tip (14) comprises any one 
of the biopsy device needle tips disclosed in U.S. Provi- 
sional Application Serial No. 60/917,375, filed May 11, 
2007, entitled "Biopsy Device Needle Tip," the disclosure 
of which is incorporated by reference herein. Several oth- 
er merely illustrative versions of tip (1 4) will be described 
in greater detail below, with reference to FIGS. 6-17, in 
which aperture (1 6) is not depicted as part of needle por- 
tion (10), though needle portions (10) including any of 
the tips shown and described herein may have an aper- 
ture (16). 

[0038] Another merely exemplary needle tip (500) that 
may be provided on a needle portion (10) is shown in 
FIGS. 6-7. As shown, needle tip (500) comprises four 
concave faces (502) that converge at a point (506). Con- 
cave faces (502) are "hollow ground" in this example, 
and may be formed using a bullet grinder or using any 
other device or technique. Alternatively, concave faces 
(502) may have a taper ground profile or any other suit- 
able profile if a hollow ground profile is not desired. 
[0039] In some versions, the tip (500) is integral and 
unitary with cannula (12), such that tip (500) is formed 
as an integral and unitary portion of cannula (12). In still 
other versions, the tip (500) and cannula (1 2) are formed 
separately then joined together. In such versions, the tip 
(500) may be ground and otherwise formed before the 
tip (500) is secured to cannula (1 2). Alternatively, the tip 
(500) may be ground after the tip (500) is secured to 
cannula (12). 

[0040] Faces (502) are adjoined at shared edges 
(504). In the present example, each edge (504) has a 
length that is greater than or equal to the dimension of 
the outer perimeter or circumference of cannula (12). 
Edges (504) are angularly offset from one another by 
approximately 90 degrees in this example. However, in 
othervariations, edges (504) may have any othersuitable 
angular offset or offsets. 

[0041] While needle tip (500) of this example compris- 
es four faces (502), it will be appreciated that any other 
suitable number of faces may be used. For instance, the 
number of faces (502) may range from two to five, or fall 
within any othersuitable range. Furthermore, while faces 
(502) in the present example all extend along the same 



axial length relative one another, it will be appreciated 
that faces (502) may extend along differing axial lengths. 
For instance, in a version with four faces (502), two op- 
posing faces (502) may extend along a shorter axial 

5 length than the othertwo other opposing faces (502). Still 
other ways in which the axial length of faces (502) or 
other properties of faces (502) may be varied will be ap- 
parent to those of ordinary skill in the art in view of the 
teachings herein. 

w [0042] Another merely exemplary needle tip (550) that 
may be provided on a needle portion (10) is shown in 
FIGS. 8-11. As shown, needle tip (550) comprises four 
concave faces (552) and two blades (554, 556). Each 
blade (554, 556) has two sharpened edges (558, 560). 

15 Concave faces (552) may be formed and configured sim- 
ilar to faces (502) described above. Alternatively, faces 
(552) may have any other suitable configuration, includ- 
ing but not limited to substantially planar, convex, or any 
other configuration. 

20 [0043] As shown, blade (554) is "shorter" than blade 
(556). In other words, edges (560) of blade (556) con- 
verge at a point (562) that is distal to edges (558) of blade 
(554). Blades (554, 556) are thus axially staggered along 
the longitudinal axis defined by needle portion (10). In 

25 other versions, however, blades (554, 556) are not axially 
staggered, and converge at a common distal-most point. 
It will also be appreciated that more than two blades (554, 
556) may be used. To the extent that more than two 
blades (554, 556) are used, such blades may include two 

30 or more axially staggered blades and/or two or more 
blades that converge at a common distal-most point, in- 
cluding combinations of converging and axially stag- 
gered blades. 

[0044] I n addition, blades (554, 556) of the present ex- 

35 ample are positioned along angular mid-regions of faces 
(552), such that blades (554, 556) bisect each face (552). 
In otherversions, blades (554, 556) extend along edges 
between faces (552). Other suitable relationships be- 
tween blades (554, 556) and faces (552) will be apparent 

40 to those of ordinary skill in the art in view of the teachings 
herein. Blades (554, 556) of the present example are 
positioned such that edges (558, 560) are angularly 
spaced approximately 90 degrees from one another. 
However, in othervariations, edges (558, 560) may have 

45 any other suitable angular offset or offsets. 

[0045] In this example, each blade (554, 556) defines 
of angle of approximately 45 degrees. Of course, any 
other angle or angles may be used. In addition, tip (550) 
of the present example is configured such that cut length 

50 produced by tip (550) is greater than or equal to the pe- 
rimeter length or circumference of cannula (12). It will be 
appreciated, however, that any other suitable dimen- 
sions or relationships between cannula (1 2) and tip (550) 
dimensions may be used. 

55 [0046] In some versions, the blades (554, 556) are in- 
tegral and unitary with needle tip (550), such that blades 
(554, 556) are formed as an integral and unitary portion 
of cannula (12). In still otherversions, the blades (554, 
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556) and needle tip (550) are formed separately then 
joined together. For instance, the tip (550) may be ground 
and otherwise formed before the blades (554, 556) are 
secured tip (550). Similarly, blade (554) may be joined 
to tip (550) before blade (556) is joined to tip (550). Al- 
ternatively, blades (554, 556) may be joined together be- 
fore being collectively joined to tip (550). Blades (554, 
556) may be secured to tip (550) using interlocking fea- 
tures, welding, adhesives, or any other suitable struc- 
tures or techniques. Slots (not shown) or other features 
may be provided in either or both of blades (554, 556) 
and/ortip (550) to accommodate theircombination. Other 
ways in which tip (550) may be made will be apparent to 
those of ordinary skill in the art. 

[0047] Another merely exemplary needle tip (600) that 
may be provided on a needle portion (10) is shown in 
FIGS. 1 2-1 3. As shown, needle tip (600) comprises four 
concave faces (602) that converge at a point (606). Like 
faces (502) described above, faces (602) maybe "hollow 
ground," and may be formed using a bullet grinder or 
using any other device or technique. Alternatively, faces 
(602) may have a taper ground profile or any other suit- 
able profile if a hollow ground profile is not desired. 
[0048] Faces (602) are adjoined at shared edges 
(604). In the present example, each edge (604) has a 
length that is greater than or equal to the dimension of 
the outer perimeter or circumference of cannula (12). 
Edges (604) are angularly offset from one another by 
approximately 90 degrees in this example. However, in 
othervariations, edges (604) may have any othersuitable 
angular offset or offsets. 

[0049] While needle tip (600) of this example compris- 
es four faces (602), it will be appreciated that any other 
suitable number of faces may be used. For instance, the 
number of faces (602) may range from two to five, or fall 
within any othersuitable range. Furthermore, while faces 
(602) in the present example all extend along the same 
axial length relative one another, it will be appreciated 
that faces (602) may extend along differing axial lengths. 
For instance, in a version with four faces (602), two op- 
posing faces (602) may extend along a shorter axial 
length than the othertwo other opposing faces (602). Still 
other ways in which the axial length of faces (602) or 
other properties of faces (602) may be varied will be ap- 
parent to those of ordinary skill in the art in view of the 
teachings herein. 

[0050] As is also shown in FIGS. 12-13, tip (600) is 
formed on a head (608), which has a greater diameter 
than that of cannula (1 2). The transition (61 0) from head 
(608) to cannula (12) is tapered in this example, though 
transition (610) may be generally curved or have any 
other suitable configuration. The larger diameter of head 
(608) in this example provides a cut length by tip (600) 
that is substantially larger than the perimeter or circum- 
ference of cannula (1 2), which may reduce the force re- 
quired for the tip (600) and cannula (12) to penetrate 
tissue. 

[0051] In some versions, the tip (600) is integral and 



unitary with cannula (12), such that tip (600) is formed 
as an integral and unitary portion of cannula (12). In still 
other versions, the tip (600) and cannula (1 2) are formed 
separately then joined together. In such versions, the tip 

5 (600) may be ground and otherwise formed before the 
tip (600) is secured to cannula (12). Alternatively, the tip 
(600) may be ground after the tip (600) is secured to 
cannula (12). Furthermore, head (608) may be remova- 
blefrom cannula (1 2), such that a variety of sizes of heads 

10 (608) and tips (600 may be secured to a cannula (12). 
[0052] Another merely exemplary needle tip (650) that 
may be provided on a needle portion (10) is shown in 
FIGS. 14-16. As shown, needle tip (650) comprises four 
concave faces (652) and two blades (654, 656). Each 

15 blade (654, 656) has two sharpened edges (658, 660). 
Concave faces (652) may be formed and configured sim- 
ilar to faces (502, 552, 602) described above. Alterna- 
tively, faces (652) may have any other suitable configu- 
ration, including but not limited to substantially planar, 

20 convex, or any other configuration. 

[0053] As shown, blade (654) is "shorter" than blade 
(656). In other words, edge (660) of blade (656) reaches 
a distal-most a point (662) that is distal to the distal-most 
point (658) reached by blade (654). Blades (654, 656) 

25 are thus axially staggered along the longitudinal axis de- 
fined by cannula (12). In other versions, however, blades 
(654, 656) are not axially staggered, and reach a common 
distal-most point. It will also be appreciated that more 
than two blades (654, 656) may be used. To the extent 

30 that more than two blades (654, 656) are used, such 
blades may include two or more axially staggered blades 
and/or two or more blades that reach a common distal- 
most point, including combinations of converging and ax- 
ially staggered blades. 

35 [0054] I n addition, blades (654, 656) of the present ex- 
ample are positioned along angular mid-regions of faces 
(652), such that blades (654, 656) bisect each face (652). 
In otherversions, blades (654, 656) extend along edges 
between faces (652). Other suitable relationships be- 

40 tween blades (654, 656) and faces (652) will be apparent 
to those of ordinary skill in the art in view of the teachings 
herein. Blades (654, 656) of the present example are 
positioned such that edges (658, 660) are angularly 
spaced approximately 90 degrees from one another. 

45 However, in othervariations, edges (658, 660) may have 
any other suitable angular offset or offsets. 
[0055] In this example, each blade (654, 656) may de- 
fine of arc having any suitable radius of curvature. Having 
blades (654, 656) curved may reduce force spikes and 

50 allow for a relatively smoother insertion of needle portion 
(1 0) and tip (650), compared to some other needles and 
tips. In addition, tip (650) of the present example is con- 
figured such that cut length produced by tip (650) is great- 
er than or equal to the perimeter or circumference of can- 

55 nula (12). It will be appreciated, however, that any other 
suitable dimensions or relationships between cannula 
(12) and tip (650) dimensions may be used. 
[0056] In some versions, the blades (654, 656) are in- 
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tegral and unitary with needle tip (650), such that blades 
(654, 656) are formed as an integral and unitary portion 
of cannula (12). In still other versions, the blades (654, 
656) and needle tip (650) are formed separately then 
joined together. For instance, the tip (650) may be ground 
and otherwise formed before the blades (654, 656) are 
secured tip (650). Similarly, blade (654) may be joined 
to tip (650) before blade (656) is joined to tip (650). Al- 
ternatively, blades (654, 656) may be joined together be- 
fore being collectively joined to tip (650). Blades (654, 
656) may be secured to tip (650) using interlocking fea- 
tures, welding, adhesives, or any other suitable struc- 
tures or techniques. Slots (not shown) or other features 
may be provided in either or both of blades (654, 656) 
and/ortip (650) to accommodate theircombination. Other 
ways in which tip (650) may be made will be apparent to 
those of ordinary skill in the art. 

[0057] Another merely exemplary needle tip (700) that 
may be provided on a needle portion (10) is shown in 
FIGS. 17-18. As shown, needle tip (700) comprises a 
conical distal region (702) and a blade (704). In other 
versions, conical distal region (702) is instead a plurality 
of concave faces (e.g., similar to faces (502) described 
above), a plurality of planar faces, is convexly rounded, 
or has any other suitable configuration. 
[0058] Blade (704) in this example has two sharpened 
edges (708, 71 0). Edges (708, 71 0) converge at a distal- 
most point (712); and each edge (708, 710) also termi- 
nates at a respective end point (714, 716). End points 
(714, 716) are separated by a distance that is greater 
than the diameter of cannula (12), giving tip (700) an 
arrowhead type of configuration. In some versions, end 
points (714, 716) are separated by a distance that is 
greater than or equal to the circumference or perimeter 
of cannula (12). The distance between end points (714, 
71 6) may be regarded as defining a width of blade (704). 
Blade (704) may have a width that is small enough such 
that access to tumors is not impaired and such that the 
likelihood of a pneumo-thorax condition is not increased; 
yet large enough to reduce the force needed for needle 
portion (1 0) to penetrate tissue relative to a needle portion 
(1 0) that lacks a blade (704) having such a width. A blade 
(704) width may be selected based on a variety of con- 
siderations, including but not limited to tissue density. 
Blade (704) may also provide improved ultrasound visi- 
bility perpendicular to the largest dimension of blade 
(704). 

[0059] In some versions, an additional blade (not 
shown) may be provided on tip (700). Such a blade may 
have a similar length and/or position along the longitudi- 
nal axis defined by needle portion (10) as blade (704). 
Alternatively, blade (704) and an additional blade may 
be longitudinally staggered along the axis defined by nee- 
dle portion (10), similar to blades (554, 556) described 
above. Furthermore, an additional blade may be angu- 
larly separated relative to blade (704) by approximately 
90 degrees. In still other variations, a plurality of blades 
are included with blade (704). In any of these versions, 



additional blades may have a width that is the same as 
or different from the width of blade (704). Similarly, an 
additional blade may have a width that is approximately 
equal to the diameter of cannula (12). Still other ways in 

5 which one or more additional blades may be incorporated 
into tip (700) will be apparent to those of ordinary skill in 
the art in view of the teachings herein. 
[0060] In this example, blade (704) defines of angle of 
approximately 45 degrees. Of course, any other angle or 

10 angles may be used. In addition, tip (700) of the present 
example is configured such that cut length produced by 
tip (700) is greater than or equal to the perimeter or cir- 
cumference of cannula (12). It will be appreciated, how- 
ever, that any other suitable dimensions or relationships 

15 between cannula (12) and tip (700) dimensions may be 
used. 

[0061] In some versions, blade (704) is integral and 
unitary with needle tip (700), such that blade (704) is 
formed as an integral and unitary portion of cannula (1 2). 

20 in still other versions, blade (704) and needle tip (700) 
are formed separately then joined together. Blade (704) 
may be secured to tip (700) using interlocking features, 
welding, adhesives, or any other suitable structures or 
techniques. Slots (not shown) or other features may be 

25 provided in blade (704) and/ortip (700) to accommodate 
their combination. Furthermore, tip (700) may be inte- 
grally and unitarily formed with cannula (12); or may be 
formed separately from cannula (1 2) then secured to the 
distal end of cannula (12). Other ways in which tip (700) 

30 may be made will be apparent to those of ordinary skill 
in the art. 

[0062] Other suitable configurations for a tissue pierc- 
ing tip (14) or other components of needle portion (10) 
will be apparentto those of ordinary skill in the art in view 

35 of the teachings herein. 

[0063] C. Exemplary Cannula Modifications 
[0064] In addition to or in lieu of providing any of the 
various versions of tip (1 4) described herein, cannula (1 2) 
may be subject to various modifications. Such modifica- 

40 tions may reduce the force that is required for needle 
portion (10) to penetrate into tissue. One such modifica- 
tion may include applying a carbon or hydrophilic coating 
to the outer surface of cannula (12) and/ortip (14). Alter- 
natively, any other coating or treatment may be applied 

45 to cannula (12) and/or tip (14). Several additional modi- 
fications will be described in greater detail below, while 
others will be apparent to those of ordinary skill in the art 
in view of the teachings herein. 

[0065] One merely illustrative modified cannula (750) 
50 is shown in FIG. 19. In this example, cannula (750) is 
subject to shot peening, which results in a plurality of 
dimples (752) being formed in cannula (12). It will be 
appreciated that, in some contexts, a cannula (12) that 
has a smooth electropolished outside surface may exhibit 
55 some degree of adherence to tissue as it penetrates the 
tissue. Such adherence may result in a relatively in- 
creased force that is required for a needle portion (10) 
that has such a cannula (12) to penetrate the tissue. By 
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contrast, dimples (752) may reduce such a drag effect 
(e.g. , by reducing the contact surface), such that modified 
cannula (750) requires relatively less force for needle 
portion (10) to penetrate tissue. Dimples (752) may be 
provided along any suitable length of cannula (750). 
[0066] Shot peening of cannula (750) may be accom- 
plished using a variety of media or techniques. By way 
of example only, the outer surface of cannula (750) may 
be shot peened with small spherical media (e.g., beads, 
etc.), such as sand, metal, glass, or any other suitable 
material, including combinations of material. Alternative- 
ly, dimples (752) may be produced using any other suit- 
able process. Furthermore, cannula (750) may be rough- 
ened without necessarily resulting in dimples. Other ways 
in which a cannula (750) may be treated will be apparent 
to those of ordinary skill in the art in view of the teachings 
herein. 

[0067] Another merely illustrative modified cannula 
(760) is shown in FIG. 20. In this example, cannula (760) 
has a plurality of scallops (762) formed therein. Scallops 
(762) may be formed using a variety of processes, in- 
cluding but not limited to cutting or grinding. Similar to 
dimples (752), scallops (762) may reduce the force that 
is required for a needle portion (10) having such a can- 
nula (760) to penetrate tissue (e.g., by reducing the con- 
tact surface). Scallops (762) may be provided along any 
suitable length of cannula (760), and may have any suit- 
able spacing and configuration. 

[0068] Yet another merely illustrative modified cannula 
(770) is shown in FIG. 21 . In this example, cannula (770) 
has a plurality of longitudinal grooves (772) formed there- 
in. Grooves (772) may be formed using a variety of proc- 
esses, including but not limited to cutting orgrinding. Sim- 
ilar to dimples (752) and scallops (762), grooves (772) 
may reduce the force that is required for a needle portion 
(1 0) havingsuch acannula (770) to penetrate tissue (e.g., 
by reducing the contact surface). Grooves (772) may ex- 
tend along any suitable length of cannula (770), and may 
have any suitable spacing and configuration. Grooves 
(772) may also be formed in any suitable orientation(s) 
(e.g., orientations other than longitudinal). 
[0069] D. Exemplary Cutter 

[0070] A hollow cutter (not shown) is disposed within 
the cannula lumen of cannula (20). The interior of the 
cutter defines a cutter lumen, such that fluid and tissue 
may be communicated through the cutter via the cutter 
lumen. The cutter is configured to rotate within the can- 
nula lumen and translate axially within the cannula lu- 
men. Suitable mechanisms that may be provided for 
causing the cutter to rotate and translate are disclosed 
in U.S. Non-Provisional Patent Application Ser. No. 
1 1/942,764, filed November 20, 2007, and entitled "Vac- 
uum Timing Algorithm for Biopsy Device," the disclosure 
of which is incorporated by reference herein; while other 
suitable mechanisms will be apparentto those of ordinary 
skill in the art in view of the teachings herein. The cutter 
may be configured to sever a biopsy sample from tissue 
protruding through transverse aperture (16) of outer can- 



nula (1 2). The cutter is further configured to permit sev- 
ered tissue samples to be communicated proximally 
through the cutter lumen. Merely illustrative examples of 
such severing and proximal communication are de- 

5 scribed in U.S. Pat. No. 5,526,822, the disclosure of 
which is incorporated by reference herein, though any 
other suitable structures or techniques may be used for 
severing and/or communicating tissue samples within a 
biopsy system (2). 

10 [0071] In addition, suitable components of, structures 
for, relationships between, and configurations for cannu- 
la (20) and a cutter are disclosed in U.S. Non-Provisional 
Patent Application Ser. No. 1 1/942,764, filed November 
20, 2007, and entitled "Vacuum Timing Algorithm for Bi- 

15 opsy Device," the disclosure of which is incorporated by 
reference herein. Of course, any other suitable compo- 
nents, structures, or configurations may be used. 
[0072] E. Exemplary Needle Hub 
[0073] As shown in FIGS. 1-2, a needle hub (60) is 

20 secured to outer cannula (12), and comprises a thum- 
bwheel (62) and a sleeve portion (64) extending proxi- 
mally from thumbwheel (62). Needle hub (60) of the 
present example is overmolded about a proximal portion 
of outer cannula (12), though needle hub (60) may be 

25 formed and/or secured relative to outer cannula (12) us- 
ing any other suitable techniques (e.g., set screws, ad- 
hesives, etc.). Furthermore, while needle hub (60) of the 
present example is formed of a plastic material, any other 
suitable material or combination of materials may be 

so used. 

[0074] Needle hub (60) may include an interior portion 
that is in fluid communication with the vacuum lumen of 
outer cannula (12). Needle hub (60) may further be in 
fluid communication with a manifold (not shown) that is 

35 in further communication with either or both of tubes (402, 
404). Suitable ways in which needle hub (60) may be in 
fluid communication with a lumen in outer cannula (12) 
are disclosed in U.S. Non-Provisional Patent Application 
Ser. No. 11/942,764, filed November 20, 2007, and en- 

40 titled "Vacuum Timing Algorithm for Biopsy Device," the 
disclosure of which is incorporated by reference herein. 
Of course, any othersuitable components, structures, or 
configurations may be used. 

[0075] Thumbwheel (62) is operable to rotate outer 
45 cannula (12) about its longitudinal axis, relative to cover 
member (114) and base member (116). For instance, 
thumbwheel (62) may be used to orient aperture (16) to 
a number of desired orientations about the longitudinal 
axis defined by outer cannula (12). Such multiple orien- 
50 tations may be desirable, by way of example only, to ob- 
tain a plurality of tissue samples from a biopsy site, with- 
out requiring the needle portion (1 0) to be removed from 
the patient during the acquisition of such a plurality of 
tissue samples. An illustrative example of such rotation 
55 and acquisition of multiple tissue samples is disclosed in 
U.S. Pat. No. 5,526,822, the disclosure of which is incor- 
porated by reference herein. Otherways in which multiple 
tissue samples may be obtained at various locations will 
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be apparent to those of ordinary skill in the art in view of 
the teachings herein. For instance, rotation of outer can- 
nula (12) may be motorized or automated. As another 
non-exhaustive example, an entire biopsy device (100) 
may be rotated during acquisition of tissue samples, with- 
out necessarily removing biopsy device (100) from the 
patient during such rotation and tissue sample acquisi- 
tion, to obtain tissue samples from various orientations 
about the longitudinal axis defined by outer cannula (12). 
[0076] F. Exemplary Tissue Sample Holder 
[0077] In the present example, a tissue sample holder 
(1 40) is provided at the end of body portion (1 1 2) of probe 
(1 02). Tissuesample holder (1 40) comprises acup (1 42), 
a rotatable manifold (not shown), and a plurality of re- 
movable sample trays (not shown) with a plurality of tis- 
sue sample chambers (not shown). Each tissue sample 
chamber is configured to separately hold atissue sample 
communicated proximally through the cutter lumen, such 
that tissue sample holder (140) may separately hold a 
plurality of tissue samples. In particular, the manifold is 
configured to rotate to selectively index a tissue sample 
chamber relative to the cutter lumen. Manifold is further 
configured to communicate a vacuum from tube (404) to 
the cutter lumen, regardless of which tissue sample 
chamber is indexed relative to the cutter lumen. Suitable 
components and structures for and methods of operating 
atissue sample holder (140) are disclosed in U.S. Non- 
Provisional Patent Application Ser. No. 1 1/942,764, filed 
November 20, 2007, and entitled "Vacuum Timing Algo- 
rithm for Biopsy Device," the disclosure of which is incor- 
porated by reference herein. Of course, any other suita- 
ble components, structures, or configurations may be 
used. 

[0078] II. Exemplary Holster for Stereotactic Use 
[0079] As shown in FIGS. 1 -2, a holster (202) compris- 
es a top cover (204), through which a portion of each of 
gears (206, 208) is exposed, and side panels (21 4). Hol- 
ster (202) of this example further comprises a needle 
rotation mechanism (not shown), a needle firing mecha- 
nism (240), a cutter drive mechanism (not shown), and 
atissue holder rotation mechanism (not shown). The cut- 
ter drive mechanism is operable to cause the cutter to 
rotate and translate; while the tissue holder rotation 
mechanism is operable to cause at least a portion of the 
tissue sample holder (140) to rotate. Suitable compo- 
nents and structures that may be used to provide a cutter 
drive mechanism and atissue holder rotation mechanism 
are disclosed in U.S. Non-Provisional Patent Application 
Ser. No. 11/942,764, filed November 20, 2007, and en- 
titled "Vacuum Timing Algorithm for Biopsy Device," the 
disclosure of which is incorporated by reference herein. 
Of course, any other suitable components, structures, or 
configurations may be used. Alternatively, either or both 
of a cutter drive mechanism or a tissue holder rotation 
mechanism may simply be omitted altogether. 
[0080] As noted above, holster (202) of the present 
example is configured to be coupled with a biopsy probe 
(102), such as biopsy probe (102) described above, to 



provide a biopsy device (100). In addition, holster (202) 
is configured to be mounted to a table, fixture, or other 
device, such as for use in a stereotactic or X-ray setting. 
However, it will be appreciated in view of the disclosure 
5 herein that holster (202) may be used in a variety of other 
settings and combinations. 

[0081] A. Exemplary Needle Rotation Mechanism 
[0082] In the present example, the needle rotation 
mechanism comprises a pair of knobs (222). Rotation of 

10 one or both of knobs (222) will result in rotation of gear 
(206). Furthermore, when biopsy probe (1 02) is coupled 
with holster (202), gear (206) will mesh with a gear (not 
shown) of probe (102). Thus, when biopsy probe (102) 
is coupled with holster (202), rotation of one or both of 

15 knobs (222) will cause needle portion (10) of biopsy probe 
(1 02) to rotate. Suitable structures and components that 
may form a needle rotation mechanism are disclosed in 
U.S. Non-Provisional Patent Application Ser. No. 
1 1/942,764, filed November 20, 2007, and entitled "Vac- 

20 uum Timing Algorithm for Biopsy Device," the disclosure 
of which is incorporated by reference herein. Of course, 
any other suitable components, structures, or configura- 
tions may be used. By way of example only, a motor (not 
shown) may be used to effect rotation of needle portion 

25 (1 o). In other versions, a needle rotation mechanism may 
simply be omitted altogether. 
[0083] B. Exemplary Needle Firing Mechanism 
[0084] As shown in FIG. 16, needle firing mechanism 
(240) of the present example comprises a pair of triggers 

so (242), buttons (244), a firing rod (248), and a fork (250). 
Fork (250) is configured to engage sleeve portion (64) of 
needle hub (60) when biopsy probe (1 02) is coupled with 
holster (202). For instance, fork (250) may engage sleeve 
portion (64) between thumbwheel (62) and an annular 

35 projection (66). In the present example, engagement be- 
tween fork (250) and sleeve portion (64) is such that 
sleeve portion (64) (and therefore, needle portion (10)) 
will translate longitudinally with fork (250). Fork (250) is 
coupled with a firing rod (248), such that fork (250) will 

40 translate longitudinally with firing rod (248). 

[0085] As shown in FIG. 22, needle firing mechanism 
(240) of the present example further comprises a linear 
motor (800), which is communicatively coupled with firing 
rod (248). In some versions, firing rod (248) extends di- 

45 rectly from linear motor (800). In other versions, one or 
more components (not shown) are provided between lin- 
ear motor (800) and firing rod (248). For instance, a va- 
riety of gears, transmission components, etc. may be pro- 
vided between linear motor (800) and firing rod (248). 

50 Suitable structures, components and configurations for 
providing communication from linear motor (800) to firing 
rod (248) will be apparent to those of ordinary skill in the 
art in view of the teachings herein. 
[0086] I n some versions, linear motor (800) comprises 

55 abrushless DC linear motor. Alternatively, any other suit- 
able type of electric linear motor may be used. In other 
versions, linear motor (800) comprises a pneumatic mo- 
tor. For instance, such a pneumatic motor may or may 
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not include a pneumatic cylinder, a piston, and/or a va- 
riety of other components. Of course, any other type of 
linear motor may be used - electric, pneumatic, or other- 
wise. 

[0087] It will be appreciated by those of ordinary skill 
in the art in view of the teachings herein that linear motor 
(800) may be selectively controlled with respect to a va- 
riety of parameters. For instance, a user may control the 
depth, acceleration, force, and/or velocity with which lin- 
ear motor (800) actuates to fire needle portion (10) into 
tissue. In other words, a controller (not shown) may be 
used to control the velocity profile, position profile, and 
stopping point of linear motor (800), among other param- 
eters associated with operation of linear motor (800). Par- 
ticularly where a linear motor (800) of relatively high peak 
force is provided, a large envelope of velocity and position 
profiles may be available. 

[0088] In some versions, a user may select a longitu- 
dinal position to which needle firing mechanism (240) 
should fire tip (1 4) or aperture (1 6) of needle portion (1 0). 
With such a longitudinal position being set before firing 
of needle portion (1 0), linear motor (800) may be activat- 
ed to fire needle portion (1 0) accordingly, stopping needle 
portion (10) at the preselected position or distance. Nee- 
dle portion (10) may be noiselessly brought to a stop 
through electromagnetic action, ratherthan by a mechan- 
ical stop. Alternatively, mechanical assistance may be 
provided for bringing needle portion (10) to a stop (e.g., 
a brake mechanism, etc.). Excess kinetic energy of nee- 
dle portion (1 0) may silently be converted into heat. Pre- 
programmed velocity and position profiles may be main- 
tained independently of the tissue or tumor characteris- 
tics. In other words, in some versions, acceleration of 
needle portion (10) may be controlled such that it does 
not exceed a rate that is greater than required to follow 
the desired position and velocity profiles. 
[0089] Furthermore, with linear motor (800) being used 
to fire needle portion (10) into tissue, needle firing mech- 
anism (240) may lack a spring or other resilient member 
for firing needle portion (10) into tissue. The absence of 
a spring or other resilient member may provide relatively 
quiet operation of needle firing mechanism (240), which 
may make a biopsy sample acquisition sequence less 
alarming to a patient in some settings. Alternatively, lin- 
ear motor (800) may be assisted by a spring or other 
resilient member, with respect to either or both of distal 
or proximal translation of firing rod (248). 
[0090] When a user is ready to fire needle portion (10), 
the user may push and hold one or both of triggers (242) 
forward, and may push one or both buttons (244) in while 
one or both of triggers (242) are held forward. Such ac- 
tuation of trigger(s) (242) and button(s) (244) may cause 
firing of needle portion (10). In particular, Such actuation 
of trigger(s) (242) and button (s) (244) may activate motor 
(800) to translate firing rod (248) distally, which may effect 
firing of needle portion (1 0) distally into tissue. Such distal 
motion of needle portion (10) may be relatively sudden, 
and may be performed with a force sufficient to penetrate 



tissue with tip (14) of needle portion (10). 
[0091 ] I n other variations, a linear motor (800) is used 
to fire an entire holster (202). In still othervariations, nee- 
dle firing mechanism (240) lacks a linear motor (800) 

5 altogether. For instance, needle firing mechanism (240) 
may comprise one of the needle firing mechanisms dis- 
closed in U.S. Pub. No. 2007/0032742, entitled "Biopsy 
Device with Vacuum Assisted Bleeding Control," pub- 
lished February 8, 2007, the disclosure of which is incor- 

10 porated by reference herein. Still other suitable compo- 
nents and configurations for a needle firing mechanism 
(240) will be apparent to those of ordinary skill in the art 
in view of the teachings herein, to the extent that a needle 
firing mechanism (240) is used at all. 

15 [0092] III. Exemplary Probe for Ultrasound Use 

[0093] As shown in FIGS. 3-5, an alternative biopsy 
probe (1 03) comprises a needle portion (350) and a body 
portion (352). Body portion (352) comprises a cover 
member (354) and a base member (356). A tissue sample 

20 holder (368) is removably secured to base member (356), 
though tissue sample holder (368) may alternatively be 
secured to cover member (354) or some other compo- 
nent. A pair of tubes (402, 404) are coupled with probe 
(103). As will also be described in greater detail below, 

25 and as noted above, biopsy probe (1 03) is configured to 
be coupled with a holster (302) to provide a biopsy device 
(101). 

[0094] A. Exemplary Needle 

[0095] In the present example, needle portion (350) 

30 comprises an outer cannula (12) having a tissue piercing 
tip (14) and a transverse tissue receiving aperture (16) 
located proximal ly from the tissue piercing tip (14). In this 
example, these components are essentially the same as 
the components bearing the same names and item num- 

35 bers described above, so they will not be described in 
greater detail here. In other words, the features, proper- 
ties, and components of outer cannula (1 2), tip (1 4), and 
aperture (16) as described above (including cannula lu- 
men (20), vacuum lumen (40), wall (30), transverse open- 

40 ings (32), etc.) may be the same for needle portion (350) 
as they were described above with respect to needle por- 
tion (10). Of course, they may alternatively be varied in 
any suitable way, as desired. 
[0096] B. Exemplary Tissue Piercing Tips 

45 [0097] I n some instances, those of ordinary skill in the 
art may find some of the various needle tips (14) that are 
disclosed herein as being particularly useful in probe 
(1 03). For instance, probe (1 03) may include any of the 
various tips described herein, such as those described 

50 with reference to FIGS. 6-18. Similarly, cannula (12) of 
probe (103) may be subject to any of the treatments or 
modifications described herein, such as those described 
with reference to FIGS. 19-21. As noted previously, such 
variations, treatments, and modifications of tip (14) and 

55 cannula (12) may facilitate penetration of needle portion 
(350) into tissue, such as by reducing the force that is 
required to penetrate tissue when compared to other tips 
(14) and cannulas (12). Such reduced force to penetrate 
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may be particularly useful in the context of probe in the 
present example (103), as probe (103) is manipulated 
by a single hand of a user in some illustrative uses. In 
other words, biopsy device (101) may be grasped by a 
single hand of a user, and the user may insert needle 
portion (350) into tissue by using the single hand grasping 
biopsy device (101). Alternatively, biopsy device (101) 
may be used in a variety of other ways. 
[0098] C. Exemplary Cutter 

[0099] A hollow cutter in probe (103) may have the 
same relationship with needle portion (350) as the rela- 
tionship described above between the cutter and needle 
portion (1 0); as well as all the same features, properties, 
and components as the cutter described above in the 
context of probe (102). Such aspects of the cutter will 
therefore not be repeated here. Alternatively, a cutter 
used with either probe (102, 103) may have any other 
features, properties, components, or relationships with 
needle portion (10) as desired. 
[0100] D. Exemplary Needle Hub 
[0101] As shown in FIGS. 3-5, a needle hub (358) is 
secured to outer cannula (12) of probe (103), and com- 
prises a thumbwheel (62) and a sleeve portion (360) ex- 
tending proximally from thumbwheel (62). Needle hub 
(358) of the present example is overmolded about a prox- 
imal portion of outer cannula (12), though needle hub 
(358) may be formed and/or secured relative to outer 
cannula (12) using any other suitable techniques (e.g., 
set screws, etc.). Furthermore, while needle hub (358) 
of the present example is formed of a plastic material, 
any other suitable material or combination of materials 
may be used. 

[0102] Needle hub (358) may include an interior por- 
tion that is in fluid communication with the vacuum lumen 
of outer cannula (12). Needle hub (358) may further be 
in fluid communication with a manifold (not shown) that 
is in further communication with either or both of tubes 
(402, 404). Suitable ways in which needle hub (358) may 
be in fluid communication with a lumen in outer cannula 
(12) are disclosed in U.S. Non-Provisional Patent Appli- 
cation Ser. No. 11/942,764, filed November 20, 2007, 
and entitled "Vacuum Timing Algorithm for Biopsy De- 
vice," the disclosure of which is incorporated by reference 
herein. Of course, any other suitable components, struc- 
tures, or configurations may be used. 
[0103] Thumbwheel (62) of sleeve portion (360) is es- 
sentially the same as, and may be operated in a manner 
similarto, thumbwheel (62) of sleeve portion (64) of probe 
(102) described above. Thumbwheel (62) will therefore 
not be discussed in any greater detail here. Of course, 
thumbwheel (62) may alternatively be varied in any suit- 
able way, as desired, if not omitted altogether, in the case 
of either probe (1 02, 103). 
[0104] E. Exemplary Tissue Sample Holder 
[0105] In addition, a tissue sample holder (368) of 
probe (1 03) may be the same as orsimilarto tissue sam- 
ple holder (140) described above. Alternatively, tissue 
sample holder (368) may include any tissue sample hold- 



er described in U.S. Non-Provisional Patent Application 
Ser. No. 11/942,764, filed November 20, 2007, and en- 
titled "Vacuum Timing Algorithm for Biopsy Device," the 
disclosure of which is incorporated by reference herein. 
5 Of course, any other suitable components, structures, or 
configurations may be used for tissue sample holder 
(368), to the extent that any tissue sample holder is used 
at all. 

[0106] IV. Exemplary Holster for Ultrasound Use 
10 [0107] As shown in FIGS. 3-4, an alternative holster 
(302) comprises a top housing member (304), through 
which a portion of each of gears (206, 208) is exposed, 
and a bottom housing member (306). A plurality of hook 
members (305) extend from top housing member (304) 
15 for selectively securing probe (103) to holster (302), 
though otherstructures ortechniques may be used. Hol- 
ster (302) of this example further comprises a cutter drive 
mechanism (not shown) and a tissue holder rotation 
mechanism (notshown). Suitable components and struc- 
20 tures that may be used to provide a cutter drive mecha- 
nism and a tissue holder rotation mechanism are dis- 
closed in U.S. Non-Provisional Patent Application Ser. 
No. 1 1/942,764, filed November 20, 2007, and entitled 
"Vacuum Timing Algorithm for Biopsy Device," the dis- 
25 closure of which is incorporated by reference herein. Of 
course, any other suitable components, structures, or 
configurations may be used. Alternatively, either or both 
of a cutter drive mechanism or a tissue holder rotation 
mechanism may simply be omitted altogether. 
30 [0108] Holster (302) may include a user interface that 
permits a user to enter commands to operate at least a 
portion of biopsy device (101). Suitable user interfaces 
that may be so incorporated into holster (302) are dis- 
closed in U.S. Non-Provisional Patent Application Ser. 
35 No. 1 1/942,764, filed November 20, 2007, and entitled 
"Vacuum Timing Algorithm for Biopsy Device," the dis- 
closure of which is incorporated by reference herein. Of 
course, any other suitable components, structures, or 
configurations may be used. Alternatively, holster (302) 
40 may simply lack a user interface altogether. 

[0109] Holster (302) of the present example is config- 
ured to be coupled with a biopsy probe (103), such as 
biopsy probe (1 03) described above, to provide a biopsy 
device (101). In addition, holster (302) is configured to 
45 be handheld, such that biopsy device (1 01 ) may be ma- 
nipulated and operated by a single hand of a user (e.g., 
using ultrasound guidance, etc.). However, it will be ap- 
preciated in view of the disclosure herein that holster 
(302) may be used in a variety of other settings and com- 
50 binations. By way of example only, holster (302) may 
alternatively be coupled with biopsy probe (1 02) instead 
of biopsy probe (1 03). As another merely illustrative ex- 
ample, holster (302) may be coupled with a variation of 
biopsy probe (102) that has a modified needle hub (60) 
55 (e.g., a needle hub (60) that is shorter, not configured for 
firing needle portion (10), etc.). 

[01 1 0] Either biopsy device (1 00, 1 01 ) may be coupled 
with a vacuum control module (not shown) that is oper- 
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able to provide fluids (e.g., vacuum, atmospheric air, sa- 
line, pressurized air, etc.), power, and/or commands to 
biopsy device (100, 101). Suitable examples of such a 
vacuum control module are disclosed in U.S. Non-Pro- 
visional Patent Application Ser. No. 1 1/942,764, filed No- 
vember 20, 2007, and entitled "Vacuum Timing Algorithm 
for Biopsy Device," the disclosure of which is incorporat- 
ed by reference herein. Of course, any other suitable 
components, structures, or configurations may be used. 
[0111] Alternatively, biopsy device (100, 101) maybe 
provided and used without a vacuum control module. By 
way of example only, biopsy device (1 00, 1 01 ) may have 
an on-board vacuum pump (not shown) and/or pressure 
pump (not shown). Merely exemplary biopsy devices with 
such on-board pumps are disclosed in U.S. Non-Provi- 
sional Patent Application Ser. No. 1 1/965,048, filed De- 
cember, 2007, entitled "Vacuum Sensor and Pressure 
Pump for Tetherless Biopsy Device," the disclosure of 
which is incorporated by reference herein; and in U.S. 
Non-Provisional Patent Application Ser. No. 1 1 /964,81 1 , 
filed December 27, 2007, entitled "Clutch and Valving 
System for Tetherless Biopsy Device," the disclosure of 
which is incorporated by reference herein. Again, though, 
any other suitable components, structures, or configura- 
tions may be used. 

[0112] Embodiments of the present invention have ap- 
plication in conventional endoscopic and open surgical 
instrumentation as well as application in robotic-assisted 
surgery. 

[0113] Embodiments of the devices disclosed herein 
can be designed to be disposed of after a single use, or 
they can be designed to be used multiple times. Embod- 
iments may, in either or both cases, be reconditioned for 
reuse after at least one use. Reconditioning may include 
any combination of the steps of disassembly of the de- 
vice, followed by cleaning or replacement of particular 
pieces, and subsequent reassembly. In particular, em- 
bodiments of the device may be disassembled, and any 
number of the particular pieces or parts of the device may 
be selectively replaced or removed in any combination. 
Upon cleaning and/or replacement of particular parts, 
embodiments of the device may be reassembled for sub- 
sequent use either at a reconditioning facility, or by a 
surgical team immediately prior to a surgical procedure. 
Those skilled in the art will appreciate that reconditioning 
of a device may utilize a variety of techniques for disas- 
sembly, cleaning/replacement, and reassembly. Use of 
such techniques, and the resulting reconditioned device, 
are all within the scope of the present application. 
[0114] By way of example only, embodiments de- 
scribed herein may be processed before surgery. First, 
a new or used instrument may be obtained and if neces- 
sary cleaned. The instrument may then be sterilized. In 
one sterilization technique, the instrument is placed in a 
closed an sealed container, such as a plastic or TYVEK 
bag. The container and instrument may then be placed 
in a field of radiation that can penetrate the container, 
such as gamma radiation, x-rays, or high-energy elec- 



trons. The radiation may kill bacteria on the instrument 
and in the container. The sterilized instrument may then 
be stored in the sterile container. The sealed container 
may keep the instrument sterile until it is opened in a 

5 medical facility. A device may also be sterilized using any 
other technique known in the art, including but not limited 
to beta or gamma radiation, ethylene oxide, or steam. 
[0115] Having shown and described various embodi- 
ments of the present invention, further adaptations of the 

10 methods and systems described herein may be accom- 
plished by appropriate modifications by one of ordinary 
skill in the art without departing from the scope of the 
present invention. Several of such potential modifications 
have been mentioned, and others will be apparent to 

15 those skilled in the art. For instance, the examples, em- 
bodiments, geometries, materials, dimensions, ratios, 
steps, and the like discussed above are illustrative and 
are not required. Accordingly, the scope of the present 
invention should be considered in terms of the following 

20 claims and is understood not to be limited to the details 
of structure and operation shown and described in the 
specification and drawings. 



25 Claims 

1 . A biopsy probe, wherein the biopsy probe comprises: 

(a) a body portion; 

30 (b) a cannula extending from the body portion, 

wherein the cannula defines at least one lumen, 
wherein the cannula comprises atransverse ap- 
erture configured to receive tissue; 
(c) a tip located at the distal end of the cannula; 

35 (d) a first blade extending longitudinally from the 

tip; 

(e) a second blade extending longitudinally from 
the tip; and 

(f) a cutter configured to translate relative to the 
40 cannula, wherein the cutter is configured to sev- 
er tissue. 

2. The biopsy probe of claim 1, wherein the tip com- 
prises at least two concave surfaces. 

45 

3. The biopsy probe of claim 2, wherein the at least two 
concave surfaces are formed by a hollow grind proc- 
ess, such that the at least two concave surfaces are 
hollow ground. 

50 

4. The biopsy probe of claim 2, wherein the first blade 
bisects at least one of the at least two concave sur- 
faces. 

55 5. The biopsy probe of claim 2, wherein the at least two 
concave surfaces comprise four concave surfaces. 

6. The biopsy probe of claim 2, wherein the at least two 
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concave surfaces are adjoined at sharp edges, 
wherein the cannula has an outer perimeter length 
about an axis defined by the cannula, wherein each 
of the sharp edges has a length that is greater than 
or approximately equal to the perimeter length of the 
cannula. 

7. The biopsy probe of claim 1 , wherein the tip is formed 
separately from and joined with the cannula. 

8. The biopsy probe of claim 1 , wherein the first blade 
and the second blade are angularly offset by approx- 
imately 90 degrees. 

9. The biopsy probe of claim 1 , wherein the first blade 
has a first length, wherein the second blade has a 
second length, wherein the first length isgreaterthan 
the second length. 

10. The biopsy probe of claim 1 , wherein the first blade 
distal ly terminates at a first distal point at a first axial 
position relative to the cannula, wherein the second 
blade distally terminates at a second distal point at 
a second axial position relative to the cannula, 
wherein the first distal point is distal to the second 
distal point. 

11. The biopsy probe of claim 1 , wherein the first blade 
has a pair of edges converging at a distal point. 

12. The biopsy probe of claim 1 , wherein the first blade 
has a convexly curved distal edge. 



1 5. A biopsy probe, wherein the biopsy probe comprises: 

(a) a body portion; 

(b) a cannula extending from the body portion, 
5 wherein the cannula defines at least one lumen, 

wherein the cannula comprises atransverse ap- 
erture configured to receive tissue, wherein the 
cannula has a first diameter; 

(c) a tip located at the distal end of the cannula; 
10 (d) a blade extending longitudinally from the tip, 

wherein the blade has a width, wherein the width 
of the blade is greater than the first diameter of 
the cannula; and 

(e) a cutter configured to translate relative to the 
15 cannula, wherein the cutter is configured to sev- 

er tissue. 



20 



25 



1 3. The biopsy probe of claim 1 , wherein the tip and first 
blade are configured to produce a transverse length 35 
of cut in tissue, wherein the cannula has an outer 
perimeter length about an axis defined by the can- 
nula, wherein length of cut is greater than or approx- 
imately equal to the perimeter length of the cannula. 

40 

14. Abiopsyprobe, wherein the biopsy probe comprises: 

(a) a body portion; 

(b) a cannula extending from the body portion, 
wherein the cannula defines at least one lumen, 45 
wherein the cannula comprises atransverse ap- 
erture configured to receive tissue, wherein the 
cannula comprises a plurality of recesses 
formed therein, wherein the recesses comprise 
one or more of dimples, scallops, or elongate 50 
grooves; 

(c) a tissue piercing tip located at the distal end 
of the cannula, wherein the recesses in the can- 
nula are proximal to the tip; and 

(d) a cutter configured to translate relative to the 55 
cannula, wherein the cutter is configured to sev- 
er tissue. 
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2. claim: 12 

A biopsy probe comprising a cannula with a piercing tip and 
a cutter wherein the tip comprises first and second blades, 
said first blade having a convexly curved distal edge. 



3. claim: 14 

A biopsy probe comprising a cannula with a piercing tip and 
a cutter wherein the cannula comprises a plurality of 
recesses formed therein, the recesses being one or more of 
dimples, scallops or elongate grooves. 
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